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Abstract
e term α-Gal syndrome describes a novel IgE-me-
diated immediate-type allergy to the disaccharide 
galactose-α-1,3-galactose (α-Gal). Its classication 
as a syndrome is proposed on the basis of its clini-
cal relevance in three dierent elds of allergy: food, 
drugs, and tick bites. e main focus of the present 
article is on α-Gal as an eliciting allergen in food 
 allergy. It was recently shown that immediate-type 
allergies to pork kidney and other mammalian in-
nards belong to the spectrum of α-Gal syndrome. 
ese allergic reactions manifest as classic immedi-
ate-type allergies with a typical latency of under 1 h. 
e phenomenon of a delayed-onset immediate- 
type allergy with a latency of 3–6 h following inges-
tion of mammalian meat is considered pathogno-
monic for α-Gal syndrome. is clinically distinct 
type of presentation can be explained using the con-
cept of food-dependent exercise-induced anaphy-
laxis (FDEIA). However, clinical observations and 
challenge testing in this constellation reveal that in-
dividual sensitivity in α-Gal patients is highly vari-
able and which broadens our basic understanding 
of α-Gal syndrome.
Cite this as Fischer J, Yazdi AS, Biedermann T. Clin-
ical spectrum of α-Gal syndrome: from immedi-
ate-type to delayed immediate-type reactions to 





galactose – α-Gal 
syndrome – 
 Cetuximab – Pork 











e identication of immunoglobulin E (IgE)-me-
diated immediate-type reactions to the disaccha-
ride galactose-α-1,3-galactose (α-Gal) fundamen-
tally altered our understanding of the allergenic po-
tential of carbohydrate structures and formed the 
starting point for further discoveries in the area of 
immediate-type allergy [1]. α-Gal is a typical com-
ponent of glycoproteins in mammals. However, in 
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EGFR  Epidermal growth factor receptor
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the course of evolution, primates and humans have 
lost the enzyme required for α-Gal production, ga-
lactosyltransferase [2]. As a result, this disaccha-
ride is immunogenic in humans [2]. α-Gal syn-
drome was recently proposed as a new term to bet-
ter describe this novel disease that occurs world-
wide [2, 3]. e term α-Gal syndrome is clinically 
dened by three facets of this allergy (Fig. 1): First-
ly, as a food allergy with type-I allergic reactions 
of typically delayed onset following the ingestion 
of mammalian meat and innards [4]; secondly, as 
drug allergy, particularly in the case of parenteral 
administration of drugs obtained from cells or tis-
sue from mammals (e. g., cetuximab or gela-
tin-based colloids) [1, 5]; and thirdly, by allergic 
reactions to tick bites [6]. Local allergic reactions 
to tick bites are regularly  reported on a global ba-
sis [6, 7, 8]. Reports of the regular  occurrence of 
anaphylaxis due to techniques used to remove 
adult ticks of the Ixodes holocyclus species from 
the host are restricted to Australia [7]. According 
to the current state of knowledge, tick bites are as-
cribed a central role in the development of type-I 
sensitization to α-Gal [7]. e aim of the present 
article is to outline the clinical spectrum of 
α-Gal-related food allergy and demonstrate how 
geographically local phenomena may be helpful in 
our understanding of this complex disease.
Discovery and symptoms of α-Gal syndrome 
in Germany
e story of α-Gal in Germany and France begins 
with immediate-type allergies following the con-
sumption of pork kidney. Although immediate-type 
reactions following the ingestion of kidney are glob-
ally rare, their occurrence in Europe is nonetheless 
so frequent as to be recognized as a phenomenon by 
European physicians active in the eld of  allergology 
[9, 10, 11]. e reason behind this is that innards are 
consumed as local delicacies in many regions of Eu-
rope, as well as being used in sausage products. Kid-
ney, tripe, heart, sweetbread, lungs, brain, and 
tongue from pork, beef, and lamb are processed in 
such delicacies and consumed. e partially higher 
content in terms of cholesterol, vitamin A, purines, 
enriched toxic substances, as well as a higher sus-
ceptibility to spoilage have lead in recent years to a 
discussion on the consumption of innards. One only 
has to look at restaurant menus to see that demand 
in the population for innards is on the decline. A re-
cent epidemiological study conducted by our work-
ing group in southern Germany also sampled par-
ticipants on their attitude to the consumption of in-
nards. Of 845 participants, 96.8 % stated that they 
had eaten beef or pork in the previous 12 months. 
Of these subjects, 53.4 % had consumed beef or pork 
innards at least once. Innards are consumed more 
frequently by men compared with women (62.8 % 
vs. 40.2 %) and more frequently by older adults (> 60 
years) compared with children or young adults (< 20 
years) (66.4 % vs. 25.8 %) (unpublished data). is 
study shows that the consumption of innards re-
mains widespread and is practiced in all age groups. 
One can assume that cultural eating habits are re-
§ected in the prevalence of allergic reactions to in-
nards. Interestingly individuals allergic to kidney 
consumed pork/beef meat regularly and reported to 
have tolerated these well. erefore a cross reaction 
between muscle meat and innards was not initially 
assumed. Unknown kidney-specic proteins, as well 
as pseudo-allergenic substances that accumulate in 
the kidneys as an excretory organ, were discussed as 
possible triggers of these immediate- type reactions 
to kidney. In 2005, the working group lead by Dr. 
Jappe began collecting cases of immediate-type aller-
gy following consumption of pork kidney, with the 
aim of identifying the eliciting allergen [12, 13]. 
Based on a patient with coinci dental anaphylaxis to 
cetuximab, Dr. Jappe was the rst German allergol-
ogist to recognize and follow- up an association be-
tween immediate-type allergy to pork kidney and the 
α-Gal sensitization rst described in the US. She de-
veloped a Western blot using cetuximab as an 
α-Gal-bearing target structure to detect specic IgE 
antibodies to α-Gal [14]. Between 2008 and 2011, 32 
patients with allergic reactions to mammalian meat 
Fig. 1: The term α-Gal syndrome describes a novel IgE-mediated immediate-
type allergy to the disaccharide galactose-α-1,3-galactose (α-Gal) as an 
 allergen. Its classication as a syndrome was proposed on the basis that it is 
clinically relevant in three dierent elds of allergy: food, drugs, and tick bites.
Tick bite allergy
Currently favored pathway of IgE sensitization to α-Gal
α-Gal syndrome
Food allergy
Consumption of mammalian muscle meat 
and innards
Drug allergy
Drugs derived from mammalian cells 
and tissue
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and/or kidney and other innards were identied in 
Germany [15]. IgE sensitization to α-Gal was detect-
ed in 79 % of these patients using Western blot and 
in 88 % using experimental ImmunoCAP® tests. 
is case study collection also showed that, contrary 
to expert opinion, a number of the aected patients 
developed allergic reactions not only a®er consum-
ing pork kidney, but also following mammalian 
meat. Initially, however, an explanation for this phe-
nomenon remained elusive. e delayed onset of sys-
temic allergic reactions, with a 3- to 6-h latency 
 between consumption and manifestation of the re-
action, was considered pathognomonic for α-Gal- 
related meat allergy. In contrast, systemic allergic 
 reactions/anaphylaxis following the consumption of 
pork kidney  typically manifested as classic immedi-
ate-type allergies within 1 h. In 2012, the French 
 allergologist Dr. Morisset published a series of cases 
of 14 patients with anaphylaxis following the con-
sumption of pork kidney [16]. Using CAP inhibition 
testing, she demonstrated that pork kidney contains 
quantitatively more α-Gal compared to pork meat. 
Based on a careful analysis of the patient histories, 
she put forward the concept of food-dependent ex-
ercise-induced anaphylaxis (FDEIA) to explain the 
unexpected dierence in temporal dynamics of the 
reaction. e relevance of these co- or augmenta-
tion factors in the elicitation of an immediate- type 
systemic allergic reaction is enjoying ever greater 
general acceptance in allergology, despite the fact 
that the precise underlying mechanisms remain the 
subject of research [17]. Exactly how α-Gal is ab-
sorbed is not yet clear. It is assumed, however, that 
lipid and glycolipid digestion plays a crucial role 
[18]. is digestion process can be  quantitatively 
and kinetically modulated by individual, or a com-
bination of exogenous and endogenous factors (e. g., 
physical exercise, alcohol, non-steroidal analgesics, 
infections, menstruation). According to the concept 
of FDEIA, these cofactors are assigned the key role 
until modulating intestinal absorption of a food 
 allergen in the body a critical allergen concentration 
capable of eliciting an allergic reaction is reached.
In January 2012 the introduction of a specic IgE 
test – initially limited to scientic applications – us-
ing bovine thyroglobulin as an α-Gal-bearing tar-
get structure simplied the diagnosis of α-Gal syn-
drome signicantly. By Spring 2015, we had dia-
gnosed α-Gal syndrome in 55 patients (Tab. 1). If 
one estimates the prevalence of α-Gal syndrome in 
this pilot region using the Australian example as a 
guidance, one can assume a prevalence of at least 
four cases per 100,000 inhabitants in Baden-Würt-
temberg, Germany (Virginia, USA: 13 cases/100,000 
inhabitants; New South Wales, Australia: 113 
 cases/100,000 inhabitants) [7]. e German patients 
were aged between 27 and 83 years (median 59 
years) at the time of rst diagnosis. e current 
 patient cohort consists of more men than women 
(female to male ratio, 1 : 1.75) (Tab. 1). In contrast 
to the US, there have been no conclusive cases of 
α-Gal syndrome in children or adolescents in Ger-
many as yet [19]. e children and adolescents 
known to us to have allergic reactions to meat have 
hitherto been diagnosed with other meat allergy 
entities (e. g. pork-cat syndrome, beef-milk syn-
drome, or poultry meat allergy) [20, 21, 22]. Ac-
cording to their patient histories, 65.5 % of adult 
α-Gal syndrome patients had experienced danger-
ous systemic allergic reactions on at least one occa-
sion (anaphylaxis > II according to Ring/Messmer), 
and 34.5 % urticaria/angioedema (anaphylaxis I ac-
cording to Ring/Messmer) [23]. Against the back-
drop of reactions at short intervals, the diagnosis 
of chronic urticaria or idiopathic angioedema was 
incorrectly made in seven patients. Allergic reac-
tions to mammalian meat only were reported by 
43.6 % of α-Gal syndrome patients. ese patients 
stated that they had never knowingly consumed in-
nards. In some of these cases, reactions occurred 
following consumption of sausage products con-
taining an unknown proportion of innards. Reac-
tions were most frequently reported a®er ingesting 
beef (53 %) and pork (47 %), less o®en a®er lamb 
(9.1 %) or deer (7.3 %). Of the α-Gal syndrome pa-
tients, 29.1 % reported systemic allergic reactions 
a®er consuming both mammalian meat and pork 
kidney. Two of these patients had also experienced 
reactions to other innards (tripe, lung, heart) in 
their histories. A typical feature in this patient 
group was that reactions were seen with a time de-
lay of 3–6 h when muscle meat was consumed, 
whereas reactions occurred within as little as 1 h 
following the consumption of pork kidney [16, 24]. 
Reactions following the consumption of pork kid-
ney were reported by 27.3 % of α-Gal syndrome 
 patients. e fact that mammalian meat was con-
sumed regularly and had never caused allergic re-
actions, even when evaluated over long periods, was 
also typical for this patient group [24]. Allergic 
 reactions in these patients with no additional aller-
gy to muscle meat typically occurred with a time 
delay of 3–6 h a®er consuming pork kidney. Milk 
products such as milk, cream, and cheese were tol-
erated by the patients known to us. One highly 
 sensitized patient exhibited an α-Gal-dependent 
immediate-type reaction a®er consuming a large 
quantity of gelatin-containing sweets (e. g., gum-
my bears) [25]. Adverse events following the infu-
sion of α-Gal-containing drugs (e. g., cetuximab or 
 gelatin-based colloids) have also been observed in 
southern Germany; however, due to a lack of data, 
it has not been possible to assess their frequency 
as yet. We are also aware of one fatality due to 
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Tab. 1. Clinical characteristics of 55 German patients with α-Gal syndrome. Patients with a history of allergic reactions 


















1 62 M Grade 3 no yes 1–3 n.a. 203
2 76 M Grade 2 no yes > 3 48.5 n.a.
3 35 M Grade 1 yes Beef, pork n. a. n.a. 103
4 56 M Grade 1 no yes > 3 3.12 144
5 70 F Grade 3 no yes > 3 2.87 42.2
6 50 F Grade 2 no yes > 3 15.4 257
7 66 F Grade 2 yes Beef, pork 1–3 yes < 1 18.9 157
8 66 M Grade 3 yes Pork > 3 yes < 1 60.1 761
9 53 M Grade 2 no yes < 1 1.22 38.2
10 50 M Grade 1 yes Beef 1–3 n. a. 60.7 434
11 55 M Grade 3 yes Beef, pork > 3 yes > 3 9.13 116
12 32 M Grade 2 no yes 1–3 15.5 167
13 65 F Grade 3 yes Lamb > 3 yes 1–3 9.18 74.5
14 40 F Grade 3 yes Pork > 3 yes < 1 84.1 955
15 57 F Grade 2 yes Pork > 3 yes 65.9 148
16 47 M Grade 2 yes Beef, pork, deer > 3 yes < 1 69.3 594
17 69 M Grade 3 yes Pork > 3 n. a. 26.9 334
18 73 M Grade 2 yes Pork > 3 yes 1–3 11.8 46.6
19 70 M Grade 3 yes Beef, pork > 3 n. a. 3.9 149
20 53 M Grade 1 no yes 1.56 74.9
21 60 F Grade 2 yes Beef, pork n. a. 1.5 280
22 57 M Grade 1 yes Pork > 3 n. a. 0.72 730
23 78 M Grade 3 no yes < 1 41 384
24 28 M Grade 1 yes Beef, pork n. a. 1.8 342
25 59 M Grade 1 yes Beef, pork, lamb, 
deer
> 3 n. a. 16.3 104
26 73 F Grade 2 yes Beef, pork > 3 yes > 3 11.9 163
27 71 M Grade 3 yes Beef n. a. 0.55 181
28 44 F Grade 1 yes Beef, pork > 3 n. a. 43.3 132
29 57 M Grade 2 yes Beef, pork > 3 yes < 1 45.6 401
30 66 F Grade 2 yes Beef, pork yes 0.12 10.4
31 63 F Grade 2 yes Beef, pork, lamb > 3 yes < 1 2.1 1099 1.099
32 38 M Grade 2 yes Beef, pork n. a. 73 134
33 66 F Grade 1 yes Beef, pork n. a. 0.67 7.8
34 55 M Grade 2 no > 3 yes > 3 13.2 29.9
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 anaphylaxis upon initial administration of cetuxi-
mab.
Diagnostic workup and risk management of 
α-Gal syndrome in Germany
Since prick test solutions that are authorized and 
available in Germany show very low sensitivity in 
α-Gal-allergic patients, they confer no diagnostic 
benet. Unfortunately, intradermal tests for meat 
have not been available in Germany since 2007; in-
deed, no o³cially authorized test allergens for 
intra dermal testing for foodstus have been avail-
able since autumn 2014 anymore. Using older case 
studies in Germany as a guide, one can assume that 
intradermal testing with meat extracts would pro-
vide a sensitive diagnostic workup [9, 26]. Prick-to-
prick tests using fresh meat and kidney prepara-
tions oer a remedy here. e use in particular of 
pork or beef kidney proved to be more sensitive in 
the prick-to-prick test compared with muscle meat 
from the respective species. An intradermal test 
with 4 % gelatin polysuccinate (Gelafun din) is eas-
ier to perform compared with fresh meat and kid-
ney preparations and oers comparable sensitivity 
Tab. 1 – continuation: Clinical characteristics of 55 German patients with α-Gal syndrome. Patients with a history of 
 allergic reactions following consumption of pork kidney (n=25) have already been published in a case collection [24]















35 71 M Grade 2 yes Beef, pork, deer yes 230 507
36 61 M Grade 2 yes Beef > 3 yes 67.6 419
37 55 M Grade 3 yes Pork n. a. 2.8 255
38 43 F Grade 2 no yes 3.5 59.2
39 52 M Grade 2 no yes < 1 9.3 106
40 50 M Grade 1 no yes 0.75 72.8
41 73 M Grade 1 no yes 3.5 72.9
42 57 M Grade 2 yes Beef, lamb > 3 n. a. 19.3 114
43 66 F Grade 2 yes Beef, pork yes < 1 63.3 2834
44 71 M Grade 2 no yes > 3 18.4 137
45 34 M Grade 1 yes Pork > 3 n. a. 23.4 56.6
46 63 F Grade 1 yes Pork n. a. 3.2 104
47 75 F Grade 1 yes Pork n. a. 1.2 260
48 69 F Grade 1 yes Beef > 3 n. a. 85.7 252
49 74 M Grade 3 yes Beef > 3 yes < 1 55.1 200
50 69 F Grade 1 yes Pork > 3 n. a. 180 983
51 36 M Grade 2 yes Beef, pork > 3 n. a. 20.7 402
52 47 M Grade 3 yes Beef, pork > 3 n. a. 9.4 70.1
53 84 F Grade 1 yes Deer > 3 n. a. 7.3 116
54 51 M Grade 1 yes Lamb > 3 n. a. 91.9 587
55 66 M Grade 1 yes Beef, pork > 3 n. a. 15.1 2465
M, male; F, female; n. a., non available; tIgE, total IgE
*In the case of several events, the most severe event was given in the case history.
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[24]. However, here again, the discontinuation of 
standardized positive controls for intradermal 
testing makes this diagnostic approach more chal-
lenging. erefore, measuring specic serum IgE 
to α-Gal represents the most important diagnostic 
tool. A CE-certied test allergen has been available 
to this end since June 2015.
Oral challenge testing is useful to assess the clin-
ical relevance of a type-I sensitization to α-Gal, as 
well as in individual allergologic dietary counsel-
ing. Since challenge tests are di³cult to control 
due to the delayed onset of reactions, these tests 
should be performed by experienced allergists on 
an inpatient basis with emergency response mea-
sures in place. Sensitivity to α-Gal in mammalian 
innards or meat is subject to variation (Fig. 2). 
Standardized challenge tests conrmed that com-
bining cofactors (primarily physical exercise, alco-
hol, non-steroidal anti-in§ammatory drugs) in the 
testing process may be necessary in order to  trigger 
an allergic reaction following meat consumption 
[24] (Fig. 3). However, according to own experi-
ence to date, exposure to muscle meat elicits a sys-
temic allergic reaction in only 30 % of α-Gal-syn-
drome patients even when cofactors are included. 
Exposure to pork kidney without cofactors trig-
gered systemic allergic reactions in 78 % of ex-
posed patients at our hospital. ese observations 
support ndings from France that kidney contains 
a higher concentration of α-Gal compared with 
muscle meat, and that digestion involving more 
rapid release and/or intestinal absorption of α-Gal 
from innards is possible [18].
All α-Gal-syndrome patients are prescribed an 
allergy emergency kit, comprising an adrenaline 
auto-injector, oral antihistamine, and corticoste-
roids, and issued with an anaphylaxis identica-
tion card [25]. is anaphylaxis identication card 
includes a warning about the use of α-Gal-contain-
ing drugs. Cetuximab and gelatin-derived colloids 
are proven to be hazardous [27]. e human anti-
body panitumumab, which also targets the epider-
mal growth factor receptor (EGFR), can be used 
instead of cetuximab in chemotherapy-refractory 
metastatic malignancy, such as head and neck or 
colorectal cancer [28]. Follow-up observations to 
date have shown that only a small number of af-
fected individuals adopt a vegetarian diet follow-
ing diagnosis. Most α-Gal-syndrome patients suc-
cessfully prevent recurrent episodes of  anaphylaxis 
by reducing the quantity of meat they consume 
and by eating more α-Gal-free poultry as a substi-
tute. Observations of individual patients in Mu-
nich and Tübingen have yielded evidence that 
complete avoidance can potentially result in ana-
phylaxis to even tiny quantities of meat, thereby 
pointing to possible mechanisms of oral tolerance 
Fig. 2: The individual sensitivity of patients with α-Gal syndrome varies. 
 Patients with greater sensitivity react with delayed type-1 reactions following 
consumption of mammalian meat. Consuming kidney from the same 
 mammalian species can trigger allergic reactions earlier. Moderate sensitivity 
is characterized by the fact that a type-I allergy only occurs in the presence of 
co- or augmentation factors (e. g., physical exercise, analgesics, or alcohol). 
When kidney is consumed, type-I reactions can also occur without cofactors. 
In the case of low sensitivity, muscle meat is not capable of triggering 
 reactions in α-Gal syndrome patients. However, these patients may react 


















Fig. 3: Established challenge testing sequence to determine individual 
 sensitivity in α-Gal syndrome. Oral challenge tests are performed on an 
 inpatient basis with emergency response measures in place. Cofactors  
include 1,000 mg acetylsalicylic acid, plus additional alcohol (maximum 
500 ml beer or 250 ml wine) 1 h prior to meat consumption, as well as a  
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(personal communication, F. Rue; follow-up case 
study [25]).
Prevalence of type-I sensitization to α-Gal in 
Germany
Recent epidemiological studies put the prevalence 
of α-Gal sensitization [as measured by positive 
sIgE (> 0.1 kUA/l) to α-Gal] in Europe at 5.5 %–8.1 % 
[29], whereby it is assumed that sensitization rates 
vary considerably from region to region. Over the 
last 2 years, studies on the prevalence of α-Gal syn-
drome have been carried out with the support of 
the Baden-Württemberg State Health O³ce. e 
studies concentrated on Tübingen, Reutlingen, 
Böblingen, Esslingen, and Stuttgart, all districts 
located around the Schönbuch nature park. Inves-
tigations began with hunters and foresters, subse-
quently extending to the general populations of 
these districts. Analysis of the data is still ongoing. 
However, a distinctly higher prevalence can be 
seen for this area compared with the prevalence 
published for Europe to date. Sensitizations are 
also seen as frequently in children as in adults. An 
association with tick bites is assumed. Pronounced 
local reactions lasting between 14 days and  several 
weeks at the site of bites from the Ixodes ricinus 
tick have been observed in α-Gal-sensitized indi-
viduals in southern Germany [30]. Since tick bites 
are usually only associated with infections (pri-
marily Lyme disease and tick-borne encephalitis), 
aected individuals tend not to spontaneously re-
port local reactions of this kind. Anaphylaxis upon 
tick removal, as observed in Australia, has not 
been reported in southern Germany [7]. e com-
paratively high prevalence seen in southern Ger-
many underlines the medical need for oral chal-
lenge testing to assess the clinical relevance of 
type-I sensitization to α-Gal in terms of mamma-
lian meat consumption.
Conclusion
Demonstrating that muscle meat and innards are 
a source (of varying potency) of allergic reactions 
in α-Gal syndrome represents an important Euro-
pean contribution to the understanding of α-Gal 
syndrome. Pork innards elicit the highest rate of 
reactions in challenge tests in α-Gal-syndrome pa-
tients. It has been demonstrated that the concept 
of FDEIA is important in the clinical picture of 
α-Gal syndrome [16, 24]. is also explains why 
the consumption of meat does not always elicit 
 allergic reactions in aected patients. European 
observations also reveal that there are α-Gal-syn-
drome patients with extremely high triggering 
thresholds that can only be reached in daily life by 
consuming pork kidneys with/without cofactors. 
is makes it more challenging to assess the indi-
vidual risk of type-I α-Gal sensitization for pa-
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